The main impact of the development of techniques for rearing gnotobiotic animals has been on medical and veterinary research. The use of gnotobiotic lambs has, however, made possible a new approach to problems concerning the role of various rumen bacteria in the digestive process in ruminants.
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 Table I 
. Counts of bacteria, fermentation product concentrations and p H of rumen contents of gnotobiotic Lamb A inoculated with a limited bacterialflora
. . .   19  26  40  48  71  78  85  91  99 IOOX total viable count (TVC)* o t 1-5 3-5 1.9 7-4 5-3 5.0 3-9 4.3 Percentage of TVC contributed by : Lactobacillus LBI 7 -934 88.9 52-4 1-7 1.3 2.5 4-1 1-5 Peptostreptococcus elsdenii, LC I -4.0 0.4 0.4 0.7 0.7 0.9 1-3 1-2 Selenomonas ruminantium, G L Y~ -2.2 10.7 10.2 4.8 5-6 5.9 10.3 7.8 Bacteroides ruminicola, 46 Acetate 6.6 13.1 8.6 9-2 25.1 25-1 14.8 23.0 33.0 Propionate 0-0 0.6 1.5 1.4 2-5 3.0 1.6 1.6 12.8 Butyrate 1-2 3-5 1-9 2.3 7-6 10.9 5-3 6.7 8.5 Valerate 0.0 0.7 0.9 0.6 1-4 1.8 1.2 1.1 2-3 Lactate 4-0 5-5 9-4 0.0 0-0 0-0 0.0 0.0 0.0 Succinate 0.0 2.4 12-8 6.0 7.9 11.9 12.2 8.2 11.5 pH of rumen contents 6.9 6-7 5.6 6.9 6.8 6.7 6.7 6.4 6.7 (Hobson, 1969) except for the Ruminococcus (sp. 426311) which was grown in No. 2 base with 0.2 % (w/v) cellobiose (see Table I for strains and dates of inoculation).
Analysis of rumen contents.
Rumen contents were obtained by stomach tube about 2 h after feeding. Bacterial counts were made using selective or differential anaerobic media (Hobson, 1969) . Rumen contents, faeces and buccal swabs were also monitored for contarninants using a variety of aerobic and anaerobic media (Elliott, Alexander, Wellstead & The concentrations of C,-C, volatile fatty acids (VFA) were estimated by the methods of Whitelaw, Hyldgaard-Jensen, Reid & Kay (1970). Formic, succinic and lactic acids, urea, ammonia and alcohol were determined by standard methods (Barker & Somers, 1966; Clark & Porteous, 1964; Conway, 1957) .
Analyses by mass spectrometer (MS 10, AEI, Harlow, Essex) were used to obtain a qualitative estimate ,of hydrogen evolution from the rumen, by testing for the presence of hydrogen in expired air, which normally contains some gas eructed from the rumen. Lysons, 1974) .
RESULTS
Both lambs were free from contamination during the course of the experiment, so it can be assumed that the major differences between them are due to the activities of the known, limited rumen flora inoculated into Lamb A.
Lamb A initially grew well, eating up to 800 g/day. After about 98 days, however, appetite
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decreased and the lamb lost weight from then on. On removal from the isolator at 125 days it weighed 22.5 kg. Total viable counts of bacteria, the percentages contributed by individual bacterial species to this total count, and rumen pH and fermentation product concentrations are shown in Table I . The Ruminococcus did not establish and so does not appear in Table I. Although most of the individual bacteria only account for between 0.2 and I I % of the total viable count, this percentage represents quite high numbers, about 1 0 ' to Io8/g rumen content.
About half the rumen samples from Lamb A also contained up to 0.3 pmol isobutyrate and isovalerate/ml; caproate was not detected. Ammonia and urea were present at about 2 pmollml, there being a small increase in ammonia concentration after the introduction of B. ruminicola which deaminates amino acids. Alcohol was found only briefly after the introduction of Ruminococcus, and this may have been added with the inoculum. The amount of hydrogen detected in expired air from Lamb A increased significantly between days 77 and 81, and remained high upon repeated testing on days 85,91 and 106, whereas no significant increase in the background hydrogen level was found in expired air from Lamb B.
Lamb B ate poorly and was in poor health throughout. The pH of the rumen contents was about 6.7 and 12 to 16 pmol VFA/ml (mainly acetate) were present. Lamb B weighed only 13.5 kg when killed electively on day 103.
DISCUSSION
The total concentrations of fermentation products were generally related to the total number of bacteria and some specific relationships were apparent. Lactate increased between days 26 and 40, corresponding to a fall in the relative numbers of lactate-utilizing bacteria (Peptostreptococcus elsdenii). Then the concentration of lactate fell rapidly as the principal lactate-producing bacteria (Lactobacillus) were replaced by other genera. The predominance of Butyrivibrio from day 71 is reflected in the increased proportion of butyric acid in the fermentation products. Acetate is a common fermentation product of all the bacteria and its increase from day 71 is paralleled by a greater bacterial population.
Succinate was found in the rumen in significant amounts before the introduction of B. ruminicola on day 41, which presumably indicates succinate production either by Selenomonas or Peptostreptococcus. Hobson & Mann (1961) described one strain of Selenomonas which produced succinate in batch cultures, but Hobson (I 965) studying a different strain of Selenomonas in continuous culture could not detect succinate. Some P. elsdenii strains are also regarded as being capable of producing succinate (Anaerobe Laboratory Manual, 1972) . The present strains of these bacteria were not, however, tested for succinate production in vitro.
The high concentration of succinate from day 40 to day 99 suggests little, if any, succinate decarboxylation by the Selenomonas and that the small amount of propionate present was formed directly from carbohydrate. The increase in propionate from day 99 implicates the Veillonella (added at day 96) in succinate decarboxylation, although an immediate decrease in succinate concentration on establishment of the Veillonella was not apparent (day 99).
Assessment of fermentation balances shows that after day 48 the ' hydrogen' unaccounted for in acidic fermentation products increased, and this is undoubtedly the reason for the definite detection of hydrogen in the respired gases after this date. Although the presence of methanogenic or other hydrogen-accepting bacteria can, in vitro, shift fermentation products in mixed cultures towards the least reduced compounds (Ianotti, Kafkewitz, Wolin & Bryant, 1g73) , the absence of methanogenic bacteria here did not lead to ultilization of all electrons in reduced end-products.
The failure of Ruminococcus to establish may indicate that, although it grows well on filter paper, the cellulose of dried grass is not a suitable substrate. Alternatively (but considered less likely) there might have been a lack of some growth factor. The experiment showed clearly that Lamb A did benefit from its limited bacterial flora, although it was about 10 kg lighter at 125 days than a conventionally reared lamb, and the rumen VFA concentrations were only half to two-thirds those of a normal lamb. This poor performance in comparison with conventionally reared lambs may reflect the absence of a vital microbial activity, but it seems more likely that the lack of cellulolysis resulted in accumulation of undigested fibre and this induced slow rumen turnover and correspondingly low microbial activity.
